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(71 ) We, JAPAN SYNTHETIC 
RUBBER COMPANY LIMITED, of 1, 
Kyobashi-l-chome, Chuo-ku, Tokyo, Japan, 
a Body Corporate organised and existing 
5 under the laws of Japan, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 

10 ment: — 

The present invention relates to catalysts 
which are useful in the production of meth- 
acrylic acid from methacrolein by gas phase 
catalytic oxidation and specifically to such a 

15 process using these catalysts. 

Various types of catalyst and process have 
previously been proposed for the production 
of acrylic acid or methacrylic acid by the 
gas phase catalytic oxidation of acrolein or 

20 methacrolein, respectively, but these processes 
generally have disadvantages which render 
them unsuitable for industrial application. 
Even if the catalysts give good results, they 
are often not consistently reproducible and 

25 thus satisfactory results cannot always be as- 
sured. 

We have now surprisingly found that a 
catalyst containing four metallic components 
(molybdenum, nickel, vanadium and tungs- 

30 ten), as essential components, and optionally 
certain other metals, in the form of a com- 
pound oxide, is suitable for the gas phase 
catalytic oxidation of methacrolein to mem- 
acrylic acid, in high yield and with good re- 

35 producibility. 

Thus, the present invention consists in a 
process for the preparation of methacrylic add 
by the gas phase oxidation of methacrolein 
with molecular oxygen in the presence, as 

40 catalyst, of a composition comprising a com- 
pound oxide of molybdenum, nickel, van- 
adium and tungsten. 
Optionally, the oxide additionally comprises 



one or more of the alkali metals: lithium, 
sodium, potassium, rubidium and caesium. 45 
Also, in addition to the four essential metals 
(Mo, Ni, V and W) and the alkali metals, 
the compound oxide optionally comprises one 
or more of the elements thallium, zirconium, 
chromium, cobalt, iron, niobium, titanium, 50 
zinc, indium and tantalum. In a preferred 
embodiment of the invention, the compound 
oxide contains the metals in the ratios (ex- 
pressed as gram atoms), Mo:Ni:V:W:M:X 
of 20:1 — 20:0.1 — 10:0.1 — 10:0 — 5:0 55 

— 10 and preferably 20:7 — 13:0.5 — 2:0.5 

— 2:0 — 0.5:0 • — 2, where M represents one 
or more of the alkali metals, lithium, sodium, 
potassium, rubidium and caesium, and X rep- 
resents one or more of the metals, thallium, 60 
zirconium, chromium, cobalt, iron, niobium, 
titanium, zinc, indium and tantalum. 

The preferred alkali metals are potassium, 
rubidium and caesium, 

We have surprisingly found that the cata- 65 
lytic gas phase oxidation of methacrolein to 
methacrylic acid takes place with considerably 
increased yields when the catalyst is a com- 
pound oxide of molybdenum, nickel, vanad- 
ium and tungsten compared with die yields 70 
if the catalyst simply consists of a compound 
oxide of molybdenum, nickel and vanadium 
or a compound oxide of molybdenum, nickel 
and tungsten. Furthermore, if the compound 
oxide contains, in addition to the four essen- 75 
tial metals, one or more of the alkali metals, 
the yield of the desired methacrylic acid is 
still further increased. The further addition of 
one or more of the metals thallium, zircon- 
ium, chromium, cobalt, iron, niobium, titan- 80 
ium, zinc, indium and tantalum (in addition 
to molybdenum, nickel, vanadium, tungsten 
and one or more of the alkali metals) gives 
even better results in terms of the conversion 
of methacrolein, selectivity to desired meth- 85 
acrylic acid and yield of methacrylic acid. 
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The catalytic compositions used in the pro- 
cess of the invention can be prepared by tech 

3 n W vfJ *■?"? £ Paction of com- 
pound oxides, including: simple mixing of the 
evaporation to dryness of solutions 
conouning the requisite elements; or copre- 
apitation Thus, it is possible to produce the 
2T 1 V*** startin B fron > the metals 
S^Sf?' l mm metallic metallic acids 
or metallic bases, provided that these can be 
finally converted to oxides with ease durine 
calcination of the catalytic composition. In 
general, we prefer to start from nitrates, or- 
dSxides ammonium salts and hy- 

After producing the mixture of oxides by the 
techniques described above, it is desirable to 
calcine this mixture in an air stS « a 
temperature of from 300° C to 700° C, pre- 
ferably from 350° C. to 600» C, for a wriod 

20 Si. to 40 ^ p referabl y ^ " » 

The catalytic composition can be used in 
the process of the invention without any car- 

r e ~S, W V m ^ r lhat . it should °e with 
a earner. Carriers suitable for use in the 
present invention include those frequently used 

^°^? 0I i reacti ??' such as alumina, 
J'ru n the ,i onn J (rf fuse d alumina grains such 
"if 10 ? S °i d m ^ *e registered Tra&Mark 
Alundum", silicon carbide, pumice,™ 

s1lZr^ Sp0n , gCl . preferr ^ -irrierf betai 
sdicon carbide, alumina and silica. The amount 
of the compound oxide deposited on the ear- 
ner depends on the procedure employed for 
preparing it, but in general we 3° to £ 
posit from i to 1000 parts by weight of *<mt 
pound oxide on 100 parts by welgte of * e 

u;l n the , process of 1,16 invention, methacro- 
o e ndn™ IeCU ^ oxygen and preferably steam, 
optionally with an inert gas, are passed ova 



the catalytic composition of the invention at 
temperature and the meSein 
« catalyocally oxidised to methacrylic add 
The conditions employed for this process de- 

S Z ^rt 1 '? ability of * 

toon and such conditions as reaction tempera- 
ture contact tune and concentration of meft- 
acrolem are generally closely inter-related. In 
general, however, preferred conditions are as 

Reaction temperature: 250° C. to 500° C 
preferably from 300° C. to 400° C ■ 

or^ZJH!^'' either ^Peratoospheric 
or subatmosphenc pressure may be employed, 

fro^^n^ 20 ^^^ 

1.05 to 1:5.0, preferably from 1:1 to 1:4: 
Molar ratio of methacrolein to steam, if 

Air is the most convenient source of oxvaen 
but pure oxygen, or a mixture of oxygen 
«as such as nitrogen, carbJToxide, 
K^Jhf? * a hydrocarbon 
c^beuST C ' Pn)pane ° r butane )' 

- J* 6 " a " ,on Product can be separated and 
by ^entional procedures, e.g. con- 
densation, extraction, distillation or other ap- 
propriate techniques. ^ 
The invention is further illustrated with 

SSSi* to ^ ^ oIIowin S Examples mAe 
Samples, analysis was carried out by gas 
chromatography and the terms "conversion" 
Cas applied to methacrolein), "selectivity" 

j« j i of ^ formed methacrylic acid) 
are denned by the following formulae: 
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Conversion of 
methacrolein 
(mole 9 r ) 



Supplied 

methacrolein 

(moles) 



Unre acted [ 
— methacrolein I 
_(moles) I 



Supplied methacrolein (moles) 



100 



Selectivity io 
methacrylic 
acid (mole 5) 



One pass yield of 
methacrylic 
acid (mole Tr) 



Methacrylic acid formed (moles) 



Supplied H ITlnreacted 

Methacrylic acid formed (moles) 
Supplied methacrolein (moles) 



100 



100 
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14. A process according to Claim 13, in 
which said molar ratio is from 1:3 to 1:30. 

15. A process according to any one of the 
preceding Claims, effected in the additional 
presence of an inert gas. 

16. A process according to Claim 15, in 
which said molecular oxygen is supplied in 
the form of air. 

17. A process according to any one of the 
preceding Claims, in which the molar ratio of 
methacrolein to molecular oxygen is from 
1:0.5 to 1:5.0. 

18. A process according to Claim 17, in 
which the molar ratio of methacrolein to 
molecular oxygen is from 1:1 to 1:4. 

19. A process according to any one of the 
preceding Claims, effected at a temperature 
of from 250° C. to 500° C. 

20. A process according to Claim 19, in 
which said temperature is from 300° C. to 
400° C. 

21. A process according to any one of the 



preceding Claims effected at atmospheric 
pressure. 

22. A process according to any one of the 
preceding Claims, in which the contact time 
of said methacrolein with said catalyst is from 
0.1 to 20 seconds. 

23. A process according to Claim 22, in 
which said contact time is from 1 to 10 



24. A process according to Claim 1, sub- 
stantially as hereinbefore described with refer- 
I* 1 ** 28 ^ °* ^ ^ orcfi0 " ls Examples 

25. Methacrylic add when produced by a 
process according to any one of the preceding 
claims. 

MARKS & CLERK, 
Chartered Patent Agents, 
57 — 60 Lincolns Inn Fields, 

London, WC2A 3LS. 
Agents for the Applicants. 
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